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coming into being. The systems approach attempts to relate the processes of factory
production and school construction in that the problems of the spacing and fitting of
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construction components are considered at the beginning of the dezign stage of .
construction. For the systems approach to insure minimum cost, high quality and E
flexibility 1t must be based on production volume. reasonable notice time fo industry

for tailor-made components, and clearly defined functional goals. (HH)
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A SYSTEMS APPROACH TC SCHOOL CONSTRUCTICN
Mp. John Boice, Project Coordinator
Sehool Construction Systems Development
Sahool Plant Planning Lab, Stanford University
Stanford, Californic
"Po say that things are jast changing in vocational edu-
on 18 not gquite i The pregssure for change 18 ENCrmMouUs,

change ie in the air, change is being effected to some degree
in some school districts, but this is basically a revolution
in the making, tt has not a3 yet arrived. When it does, '
though, the lightning speed and intensity of change will more

than atone for its &elow gtart." This i8 a quotation from a

pticle on voegitonal education in Sehool Management

recent a

Magaaine,

-~

:itled "Vocational Education -- A Time to Shift

Gears." I think most people would agree with at least part

of that statement. There certainly is a pressure for ahange.

But there seems to be a lot less agreement on the direation

that that change ought to take. Sinee I'm not an azpert in

the vocational technical field, I 8uppose I am free to offer
solutions to some of the problems pelative to the task of de-
aigning facilities in whieh to house these new programs.

For some yeare I have been angaged in trying to interpret

what people satd their program was in order to get it trana=

lated into a form that the arohiteot oould understand, It's
ex;eedingly diffioult to build and oreate 8paces for programs
when we don't know the ezact nature of thase programs. One

of the thinge that gohool administratora, plannera, and arohi=-

teats like to do when confronted with thia problem ia to hop
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into an airplane and look ai what everybody else has been
doing. And we, of course, are going to do some of that

‘g very thing this week ourselves. Educational Facilities
Laboratory, with whom I am assoaiated, has spent a lot of
time and money sending people around the couniry to look

at what other people are doing to solve their own particular

problems. We have a regular road show that comes through

our planning laboratory at Stanford Univergity -- hundreds

of people every month, all locking to see how someone else
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has solved the problem of facilities for programs. Primarily
they are interested in finding solutions to fac%lity problems.

I think thie proves to be a very valuable experience. I do
think, however,. that these tours will be helpFful only if the

> demonstration facilities are related in some meaningful maﬁ;ér\

\? to the programs that they are designed to show. The building,
¢ wo matter how esthetically pleasing or technically perfect,

exists for only one purpose, and that is to facilitate some
educational program. Unfortunately, very few awards are based
on this premise. The national design awards and the magazine

. awards, and all the other awards usually are graded on some

% eriterion of attractiveness, rather than on how functionally

suitable the building is for the program it houses.

> If we really believe that the building spaces should

& reflect the program, it seems to me that one of our more

important tasks is to interpret thisg correctly and coneisely

! . . \ . ,
2 po that it can be put directly into the bricks, mortar and
2 atone. All of this, of course, has been said before. The real




' problem i8 how do you go about tpanolating this when you

don't know what the program is -- when you can't gee aelaarly
the direction, the scope, or the:magnitude of the program
under development. If we had a final answer to the program
and that answer would remain unchanged for the life of the
building, eay for fifty years, then we would -certainly be
a long way toward solving our facility problems. We would
‘deseribe the program, devise our 8spaces to fit that program,
cast it in stone, and be confident that we would have a
building that would serve us well during its 50 year lifetime.
But the situation in which you and I find ourselves is quite
the opposite of that. While there may be a few who ean de-
tail the prograh they now have, there are still fewer who can
forecast what it is that they intend to do in the future, and
fever yet who can see a clear direction that we ought to be
taking in this field. will we have a building that is really
funetionally geared to the program requirements for one,
five or tén or 15 years? Just. hov long will this building
we are thipking about and planning for nov really be useful?
The program requirements given to the architect three
yearg in advance of the time when the bui}ding i8 first to
be - used may not -ven have relevance for the propoged program
that wiZZ.be housed in the building on the day it opens. What
can and should be done, then, to provide for this expécted
change in program qnd, consequently, in the space changes
required to house these programs? What i8 elearly needed are
spaces that can quickly and inexpensively be adapted to changes

in program and teaching methodologies. The key ideas, of
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eourse, are the nced for flexibility achieved at reasonable
E cost.
The first question I always field after describing some

-

of the things that we have bzen doing in the systems field

i8, "How much did it cost?" or, "Ig it more expensive than

conventional construction?”" Yet the real question ig not,
how much did it cost to build, but rather, how mueh value

did you receive for what you spent? Generally speaking, we

have found that there is nothing more expensive than a cheap

: building.

| One of the measures of value that should receive more
study is the one based on the concept of the useful life of
the building. To illustrate, let's look again at our build-
ing that we built to house a program which was to continue
for the 50 year life of the building. If that building had
cost $5 million to construct and it had its planned useful
life, that building would only have cost us about $100,000

a year -~ very tinexpensive. If, on the other hand, that
building's life was only 10 years and at the end of those

- 10 years extensive and expensive remodeling was required to
bring it into line with the things we wanted to do then, the
difference in per year cost of the building suddenly becomes

very apparent. ARE.

Some of these kinds of considerations were considered

recently at a conference in St. Paul, Minnesota at which the
i North Star Research Institute commissioned one of the local

architectural firms, Zellerby and Company, to take a look at
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Jjust what this meant in terms of a very simple structure, a
small elassroom building. The results were startling and,
without burdening you with many figures, underscored the
point that the Zoné-term return on facility investmente is8
far more critical than are their initial ccsts.

Are there any answers, then, to the cost/quality flexi-
3 bility problem? Let's examine for a moment two major problems
{ in this area. First of all, one of the most obvious reasons
for the inerease in the cost of buildings is the high cost
of on-site labor, up 38 percent in the last eight years and
showing no sign of leveling off. The second major factor is
in the inherent inefficiency of our butlding technology. We
seem still to be im the handicraft stage when it comes to
building construction. In an effort to reduce the amount of
on-site labor, we have turned to the traditional American way
of eutting cost, that is by industrialiaation. Thia means we

produce in our factorice larger and larger building componenta

N

and have them shipped directly to the site ready for rapid
installation. This method takes advantage of the generally
lower factory wages and the generally highar measure of quality
control that it8 avatlable in most plants. Suaoh atiempta to
industrialise the building prcoess ara not without their own
special problems: soaial, politiaeal and teahnieal. There are,
however, oome 8igna of progrees even within these eomplicated
areas. One thing 18 olear, though, the handieraft approach to

building sohoole simply will not be appropriate in the years

ahead.
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: The on-site labor problem is closely related to the
second major obstacle to be overcome. That is finding ways
to improve our building technology. One of the major efforts
= in this regard ie what ie known aa the "eystems approacsh’

which is sometimes confused with a lot of different things.

Ve have systems for car washes, systems for research, and

-

systems for aiming and directing very complexz guided missiles .
In discussing building systems, I think a distinetion
should be made between the building system itself, and the
process by which a building comes into being. .In a senge one
can regard any building as being built with a system, or a
set of sub-systems. However, the way in which a conventional
building comes into being i8 often far from systematic. Much ,H,hé
of our interest focuses on the discrepancies between the sys- o
tems of the building and the way in which they are designed,
as well as the way irn whiech they are built.
. With the advent of larger and larger components and more
and more factory work, the architect is spending greater por-
tions of his time trying to fit together these larger elements
as they are delivered to his job site. An ezample might help
to clarify our concept of building systems. There 18 an
analogy between a well-designed and familiar system, the human
body, and the building systems as we know them today. It 18
common in medical training to separate the study of the
human body into various funational systems. The body has
complete systems which perform entire functions. Take, for

example, the muscle system or the skeleton system. These two

-26-




familiar systems perform functions closely analogous to thkose

found in the building industry., It's significant also that

these systems have little meaning as independent human components.
They perform no meaningful function unless they are operating
together and in harmony with the rest of the organism. If any

of these systems becomes displaced or malfunctional, we are

at once disturbed because we know there is soﬁething wrong

with the total system of the living body. Likewise, should

a portion of the skeletal system become visible, we know that
serious injury has occurred. Another analogous point is that

all systems grow concurrently with the overall growth of the

body. The parallels betwzen the human body and a healthy
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building are, indeed, numerous.

|
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One additional element should be mentioned. So far
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we've only talked about the functional aspects of body and
butlding. It might be well now to think for a minute about
some esthetic considerations. HWhile the skeletal system may

be a thing of beauty to a student of anatomy, to most of us
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it has different connotations. Esthetics, whila typiecally
independent o, function, should not be deapised etther in
human bodies or school buildings.

Recently, we visited the Lookheed Aireraft Faotory in
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Marietta, Georgia and watohed the way they put some of those
giant planes together. And, of oourse, they get parte and |
systems that are designed in every quarteyr of the United Stateas,
bring them there and fit them together. If thay were to

operate on the same kind cf prinoiples that we operate with in
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constructing buildings, I'm sure that they would have a
peculiar looking airecraft by the time they finished, and

one, inzidentally, which would not be very airworthy. Cer-
tainly aonsideration has to be given to all of the elements
that go into the structure: what space each will oeccupy, and
how will it relate to the other pieces 8o that we finish with
a functionally efficient system. While a building admittedly
represents a lower form of design than an airplane, there 18,
nevertheless,‘a tendency for the modern building to become
more and more complex. In place of a gimple masonry shell to
which a few heating ptipes will be added and a few lighting
fizturee installed, we see nov a complex arrangement of duct-
work, lighting conduit, air conditioning systems, piping,
television conduit, and a great variety of elaborate electri=
cal systems, all of ohich have to be closely integrated into
the final building. The traditional process of school con-
struction is fast becoming antiquated in the light of the
great multiplicity of teehnological requirements set for

modern educational factilities.

One of the major problems arises because the building
is made up partly of components manufactured in distant
factories and partly of materials both fabricated and fitted
together on the job site. The factory-made components are
designed with little relationship to each other, requiring
much of the architect's time to arrange for their concerted
funetioning. If one peturng to the analogy of the human body ,
the building scarcely comes together in a way gimilar to that

of the human body. If one had set out to design the human
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body, farming its components out to various sub-contractors
with one making the hand and another the arm, and still
others the remaining parts, one can 8ee that without very
close coordination between all of the contractors we would
have an exceedingly difficult task in getting anything that
would funetion properly. [Yet quite often this ie the very
way we set about constructing our buildings.

ve take all of these separate pieces, which were
designed without any particular relationship to one arother,
and then hope in a short period of time that we can succeed
in getting all of them to relate properly to one. another. The
systems building very deliberately attempts to recognize this
basic problem of building design and to relate procesées of'
production and construction to this.design approach. If we
take a look at the systematic process of building construction,
we find it existing 1in parying degrees, all the way from a
very gimple expression, perhaps through volume bidding, 0 a
complete syétem with numerous ranges in between. 0f course,
most of our buildings are evolving out of one or another of
these partial systems.

We are participating in a project in Pittsburgh,
Pennsylvania in which the people there are going to butild
five large high schools, for five thousand students each,
within a very short period of time. They plan to consolidate
all their high school students within a very large and com-
plex program. They have turned to a systems approach as a

means of assuring quality control for this massive undertaking.
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In establishing this process we are geparating the functional
systems of the building into appropriate categories. This 18
what we did when we worked with the S.C.S5.D. Project. The
project directors decided on the categories that they thought
were the most appropriate for us to tackle at a particular
time. Everybody would have liked, for example, to work with
the plumbing as it related to the building. But after doing
some investigation, we came to the concelusion that unless we
wanted to devote all our energy just to plumbing we would not
get very far. What we finally did was to decide on a
structural system to embrace all support problems of the
building, including air conditioning, lighting and interior
partitioning as the first of our components. It's poseible

to get these systems designed by these involved at the factory
level in such a way that they will relate to one another
efficiently when they come together in the building. Thua,
the structure ia designed from the very outset to recognise
the needs of atr condifioning ductwork and epace for eleotriocal
conduit. As a result, when these systems com@ together on

the building site, most of the problems of gpacing and fitting
have already been solved at the point of degaign or produation.

I'm sure you'll all agree that it's a good deal easier to

move a water main around on a drawing board than it 18 after _

it 18 covered with eiz inches of oonarete!
Production for volume, besides enabling batter funaotional
efficiency, can aleo reault in some subatantial oost rewvards.

Ae the cost of labor inoreases, and as the oomplaexity of
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buildings increases, we can 8ee the need for more and more
pationality in the design and construcetion process. Systems
building is an attempt to introduce this rationality into i
the building process at an early stage. By now we have ;
gained enough experience with it to ghow that the gains in
ceconomy and in function can be significant.

For systems building to be effective three conditions

ape necessary. First, there needs to be a large volume of

“-ay o re

building so that appropriate industries may be involved in

ey

A

components on something approaching a mags production basis.

~
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Secondly, there needs to be sufficient preliminary time to

ety iia Ay it ¥ 2t 3
28,

enable industry to get to work in an effective way to produce
properly tailored components. Usually the large project
brings with it the time necessary for industry to do its

work. Thirdly, the project should have clearly defined

R P et e L
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functional goals upon whieh it is possible to reach a con-
sensus for what i8 required. Knowing the educational re-
quirements makes it possible for specifications or standards

to be written enabling industry to take proper advantage of

the large volume of work. Clearly, there is no economic

value in a large volume of work if all the components must

be different. A good example of how this works out in practice
can be seen in the auto industry where there are a large num-
ber of unit options, but where all are based upon a small

number of parts which are rationally designed to fit quickly

together.

Brunell, 120 years ago, designed a wooden hospital in
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gngland, shipped it from thepe in transportable pieces to the

¢ cpimea and assembled it near the battlefield. This hospital

was big enough for 200 beds, and that, I would remind you,
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Legend has it that this was the

..

was fully 125 years agol
At the very

“ LS

beginning of the concept of component design.

Jeast it was a prime example of the logical use of butlding

components made to fit together easily and quickly, and to

overcome a particular set of eircumstances. Another example

LR

occurring 125 years later is the School Construction Systems

Development project which has been used in portions of the
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Southern Nevada Voeational Technical Center. We made a . |

movie which we designed to use with econtractors and people %_5

who were interested in the systems concept. This is not a ‘i
It consists, in i

finished movie, but it is a unique one.

part, of a time-lapse photography sequence of the construc-

ding used to test all of the pieces

tion of the mock-up buil

that went into this system. We mounted a camera on a telephone
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pole behind the job site that took a frame every 76 seconds
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all through the exterior construction phase and then put all
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? these together to show how the building unfolded, much like
; you do in showing children through time-lapse photographs '

The movie gives a graphic explanation
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how a flower blossoms.

of the systems approach and shows better than we can relate

Lo s £3

the organized flow of vork which is ite initial aim.

In summary, it might be wise to add that the use of

|
| the systems approach to design and construction of vocational
l

teohnical facilities is not going to solve all the problems
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_ of providing a dynamie program geared to the needs of a space

age society. What this method can do is to help provide a
facility to house such programs effectively and efficiently,
and over a longer period of time than any other approach
that I know of at this time. It happens that a great many
of the needs for flexibility, better value for the building
dollar, and efficiency in construction are objectives that
are equally applicable to most types of building. Certainly
there is a need to etudy the construction process further.

We need especially to look at our requirements in terms of

our own programs to see whether or not what we are doing i8

appropriate for our own type of program.

In the last analysis, it is important that we get good
value for the money we spend, stretching that dollar value

over a long and useful period of time. A systems approach

to construction ig much like purchasing blue chip stocks: it

not only gives you immediate return on your investment, but

over the years assures you of gizable annual dividends.
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